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The hydrophobic surfaces presumably involved in the membrane interaction of pertussis toxin have been 
mapped by a new detergent-binding assay. This is based on the interdispersion among detergent micelles 
of trace amounts of radioactive photoreactive phospholipid analogues, able to cross-link to the protein 
thereby labelling its detergent-binding domains. The assay has proven to be very sensitive. Subunits B,, B, 
and B, of pertussis toxin were found to interact with the lipid micelles uggesting that they may be involved 
in the membrane penetration step of the intoxication process. 
Pertussis toxin hydrophobic ~nteraciion 
I. INTRODUCTION 
Pertussis toxin (PTx), the main pathogenic fac- 
tor of Bordeteihzpertussis, is a protein of 105 kDa, 
which is secreted in the external medium by the 
virulent microorganism (11. PTx has been purified 
to homogeneity from culture filtrates and has been 
shown to be an A-B type proteic toxin [2]. The tox- 
in is thought to bind to a receptor on the external 
surface of the cell via a binding domain composed 
of 4 different subunits: B1 (22 kDa), Bz. (22 kDa), 
B3 (12 kDa) and B4 (11 kDa); they correspond 
respectively to subunits SZ, S3, S4 and S5 of the 
nomenclature introduced by Ui [I] and are termed 
here in such a way as to relate PTx to the other A-B 
toxins. 
With an as yet unknown mechanism the en- 
zymically active A subunit (26 kDa) (S1 in the 
nomenclature of Ui [I]) crosses the membrane to 
ADP-ribosylate a regulatory component of the 
adenylate cyclase complex thereby causing a rise in 
the intracellular CAMP level of target cells 13-51. 
The overall toxin stoichiometry is A-BI- 
B2-2 x B3-B4 and hence this is the most complex of 
all proteic toxins so far isolated. 
Since the substrates of the toxin are cytoplasmic 
at least the enzymic subunit A has to cross the 
membrane for intoxication to occur. Nothing is 
known about this process, which is likely to be 
mediated via hydrophobic interactions with the 
hydrocarbon portion of lipid’s. This is suggested by 
a comparison with other toxins such as diphtheria 
and tetanus toxins, whose B domain has been 
shown to be involved in the process of membrane 
penetration [6-91. 
To identify the regions of PTx possessing 
hydrophobic surfaces we have used here a 
detergent interaction approach based on 2 
photoreactive phospholipids interdispersed in 
detergent micelles [ 10-121. These probes are stable 
in the dark and are converted by light to in- 
termediates able to react with lipid-exposed protein 
regions thereby labelling them radioactively. One 
of the reagents, PC I, is tritiated and since its 
photoactive group is strictly localized at the polar 
head group level, it labels only superficial regions 
of the micelle. The other, PC II, contains 14C and 
labels the hydrophobic core of the micelle because 
its photosensitive group is placed at the fatty acid 
methyl terminus f11,12]. 
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Direct or indirect detergent-binding assays have 
already been used to probe the existence of 
hydrophobic surfaces on diphtheria, cholera and 
tetanus toxins [ 10,13,14]. The present approach is 
very sensitive and offers in addition the possibility 
to identify and map on the protein its hydrophobic 
regions involved in the interaction with lipids. 
2. EXPERIMENTAL 
2.1. Materials 
PTx was isolated and purified according to 
Sekura et al. [ 151. 1-Palmitoyl-2-(2-azido-4-nitro)- 
benzoy1-sn-glycero-3-[3H]phosphocholine (PC I, 
spec. act. 2.8 Ci/mmol) and 1-myristoyl-2-[l%- 
amino-(4-N-3 -nitro- 1 -azidophenyl)]dodecanoyl- 
sn-glycero-3-[r4C]phosphocholine (PC II, spec. 
act. 174 Ci/mol) were prepared as described [ll]. 
Lipids and detergents were purchased as follows: 
egg Iysophosphatidylcholine from Sigma, Triton 
X-100 and SDS from Serva. Lauroyl maltoside was 
prepared as in [16]. 
2.2. retards 
17&i PC I and 0.45 &i PC II were taken 
from stock solutions and dried at the bottom of a 
glass vial with a stream of nitrogen and vacuum 
pumped for 2 h. 25 ~1 of 20% stock solutions in 
water of Triton X-100, lauroyl maltoside or SDS 
and 405 ~1 of 100 mM Tris-Cl, 2 mM EDTA were 
added and the vials were stoppered under nitrogen. 
In other samples 40~1 of a 50 mM solution of egg 
lysolecithin in chloroform were mixed with the 
probes, dried, vacuum pumped and 430,ul buffer 
added. The samples were sonicated in a bath-type 
sonicator (Laboratories Supplies, Hicksvil!e, NY) 
for 10 min at room temperature. 70 ~1 of a 
0.7 mg/ml PTx solution were incubated with the 
detergents for 30 min at 37°C. In the SDS samples 
4 gl of a 20% water stock solution were added to 
the dried probes followed by 35 Fg PTx; the mix- 
ture was thoroughly vortex-mixed and incubated 
for 5 min at 4O*C. The samples were illuminated 
with a long-wave UV lamp (UVL 56, Minera-light, 
San Gabriel, CA) for 10 min at room temperature. 
The SDS samples were used as such for elec- 
trophoresis while in the other cases the protein was 
recovered by trichloroacetic acid precipitation (5% 
final concentration). The pellets obtained after 
centrifugation were dissolved in 8% SDS, 3070 P- 
302 
mercaptoethanol and the pH adjusted with 2 M 
Tris base by following the bromophenol blue color 
change. After 30 min at 40°C the samples were 
electrophoresed as described by Kadenbach et al. 
[ 171. The Coomassie blue stained gels were 
scanned and sliced into 1 mm thick slices. After 
addition of 400~1 Soluene 350 (Packard) and, 
following an overnight incubation, of a scintilla- 
tion cocktail the vials were counted in a Packard 
Tri-Carb 300C. The radioactivity associated with 
the gel slices was estimated in dpm and corrected 
for differences in protein content among the dif- 
ferent samples as determined by integration of the 
recorded Coomassie blue peaks. 
3. RESULTS AND DISCUSSION 
Fig.lA shows the Coomassie blue staining pro- 
file of PTx, which is virtually free of any contami- 
nant. Subunits B3 and Bq comigrate in this gel 
system. 
Fig.lB shows that when PTx is incubated with 
micelles of Triton X-100, containing the 
photoreactive phospholipid analogues, and il- 
luminated, BZ and in smaller proportion Br are 
both labelled by the superficial probe PC I and the 
deeper probe PC II indicating that they interact 
with the different regions of the micelle. Subunit 
B3 is labelled only with the superficial probe sug- 
gesting that it interacts only superficially with the 
detergent micelle. Similar results are obtained with 
the unrelated uncharged mild detergent lauroyl 
maltoside (not shown). 
A different result is obtained with lysolecithin, 
which forms micelles and has the polar head group 
of the major phospholipid components of mem- 
branes. Fig.lD shows that again subunits Br, B2 
and B3 are labelled with PC I, though to a less ex- 
tent and in different proportions, but not by the 
deeper probe PC II. This confirms that the interac- 
tion of PTx with detergent micelles is mediated via 
subunits Br, BZ and BJ (and possibly B4), but sug- 
gests that different detergents show a different 
ability to interact with PTx. 
In the non-denaturing detergents tested the en- 
zymic subunit A was not labelled, In contrast, in 
the presence of the denaturing detergent SDS all 
subunits, most notably A, are labelled by both 
probes (fig.2B and C) suggesting that, in the intact 
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Fig. 1. PTx labelling in the presence of Triton X-100 and 
lysolecithin. (A) Coomassie blue stained profile of PTx 
labelled as described in section 2 and electrophoresed 
according to [ 171. (B and C) Radioactive labelling of 
PTx subunits in the presence of Triton X-100 micelles 
with PC I (0) and PC II (0), respectively. (Insets) 
Structural formulae of the phospholipid reagents. (D) 
Patterns of Iabeiling in the presence of egg IysoIecithin 
with PC I (0) and PC II (0). 
toxin molecule, the A chain may be shielded by the 
other subunits or that it lacks hydrophobic sur- 
faces interacting with lipids. 
In conclusion this study shows that detergent 
binding to a protein can be assayed by including in 
the detergent micelles trace amounts of radioactive 
photoactivatable lipids capable, on illumination, 
of labelling those parts of the protein molecule in- 
teracting with the detergent. 
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Fig.2. PTx labelling in the presence of SDS. (A) 
Densitometric trace of the Coomassie blue stained gel of 
PTx after labelling as described in section 2. (B and C) 
Patterns of labelling with PC I (e) and PC II (0), 
respectively. 
This method is simple and sensitive and not only 
provides evidence for the existence on a protein of 
hydrophobic surfaces, but in addition allows one 
to determine which subunit(s) and further which 
residues are involved in the interaction with the 
detergent micelle. This kind of information is par- 
ticularly interesting in the case of certain proteins 
such as complement and several bacterial proteic 
toxins that are water soluble and yet able to 
penetrate the plasma membrane to reach the cell 
cytoplasm and perform their biological activity. 
303 
Volume 194, number 2 FEBS LETTERS January 1986 
PC I-_z 
I 
PC II-F 
Fig.3. Schematic drawing of the structure of PTx and of 
its interaction with a detergent micelle as deduced from 
hydrophobic photolabelling. 
Here we provide evidence that subunit BI, B2 
and to a less extent B3 (and possibly B4) of PTx are 
able to interact with lipids and hence may well be 
involved in that critical step of the intoxication 
process which is the membrane insertion of the 
toxin. As depicted in fig.3 subunits Br and B2 ap- 
pear to be able to penetrate the hydrophobic core 
of the detergent micelle while subunit B3 locates 
itself at the polar head group region. 
The present results are consistent with the se- 
quence of the operon coding for PTx, which shows 
that Br and B2 are 75% homologous and have long 
hydrophobic stretches likely to be involved in the 
hydrophobic interaction with the membrane 
(Nicosia and Rappuoli, in preparation). These data 
are also in agreement with the well known in- 
solubility of PTx in aqueous buffers primarily due 
to protomer B [2]. Once suitable isolation and 
fragmentation procedures are ready for the 
subunits of PTx, it will be interesting to determine 
if these clusters of uncharged residues are those 
labelled in this study. 
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